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The invention relates to synthetic phosphorothioated or partially phosphorothioated oligodeoxynucleotides capable of se- 
lectively modulating hemopoietic bone marrow cells development. More particularly, the invention relates to synthetic antisense 
oligodeoxynucleotides directed against a region spanning the AUG initiation codon in human ACHE or 2HS genes having phos- 
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(cdc2 homolog) gene, having phosphorothioate bonds linking between the four J-terroinus nucleotide bases. The invention also 
relates to pharmaceutical compositions comprising as active ingredient at least one synthetic phosphorothioated or partially phos- 
phorothioated antisense oligodeoxynucleotides according to the invention in a physiologically acceptable carrier or diluent. The 
antisense oligodeoxynucleotides of the invention and the pharmaceutical compositions containing them are suitable for inhibiting 
abnormal hemopoietic cells proliferation, inhibiting abnormal platelet proliferation, increasing stem cell fraction in bone marrow 
cell cultures, enhancing macrophage production and increasing stem cells counts, reducing immune response of organs to be 
transplanted, suppressing immune response of a recipient of an allotransplanted organ, and arresting growth of malignant tu- 
mors. 
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SYNTHETIC ANTISENSE OLIGODBOXYNUCLEXXTIDES AND PHARMACEUTICAL COMPOSITIONS 
CONTAINING THEM 

BACKGROUND OF THE INVENTION 

* The BCHE and ACHE genes encoding the acetylcholine hydroly- 

zing enzymes butyrylcholinesterase ( BuChE , EC 3.1.1.8) and 
actylcholinesterase ( AChE , ' EC 3.1.1.7) are expressed in 
various developing cell types , including embryonic [Layer, 
P.G. and Sporns, O., Proc. Natl. Acad. Sci. USA 84: 284-288 
(1987) ], hematopoietic [Burstein, S.A., et al., J. Cell 
Physiol. 122:159-165 (1985)] and germ cells [Johnson, CD. , 
et al., Neuron 1:165-173 (1988); Malinger, G . , et al.,.Mol. 
Neurosci. 1:77-84 (1989)]. 

Both AChE and BuChE include the peptide motif S/T-P-X-Z, 
which makes 'them potential substrates for phosphorylation by 
cdc2 kinases, the general controllers of the cell cycle 
[Lapidot-Lifson, Y. , et al., Proc. Natl. Acad. Sci., USA 89: 
579-583 (1992)]. Most other substrates of cdc2 kinases 
perform biological functions necessary for cell cycle- 
related processes [Moreno, S. and Nurse, P., Cell 61:549-551 
(1990)]. Thus, interference with either CHE or cdc2 
transcription processes may be expected to divert and/or 
arrest cell division, -and controlling these processes can be 
useful for several, medically important, procedures. 

Biochemical and histochemical analyses indicate that both 
AChE and BuChE are expressed, in high levels, in various 
fetal tissues of multiple eukaryotic species [Rakonczay, Z., 
et al., Subcellular Biochemistry 12:335-378, Harris, J.R., 
Ed., Plenum Press, N.Y. (1988)], where cholinesterases 
(ChEs) are coordinately regulated with respect to cell 
proliferation and differentiation [Layer, P.G., et al . , 
Neurochem. 49:175-182 (1987)]. The specific role to be 
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attributed to ChEs In embryonic development may hence be 
related with cell division, so that their biological 
function (s) in these tissues are tentatively implicated in 
the control of organogenesis. 

In addition . to its presence in the membranes of mature 
erythrocytes, AChE is also intensively produced in 
developing blood cells in vivo [Paulus, J. P., et al., Blood 
58:1100-1106 (1981) ] and in vitro [Burstein, S.A., et al., 
J. Cell Physiol. 103 :201*208 (1980)] and its activity serves 
as an acceptable marker for developing mouse megakaryocytes 
[ Burs- tein (1985) ibid . ] . Furthermore , administration of 
acetyl- choline analogues as well as cholinesterase 
inhibitors has been shown to induce megakaryocytopoiesis and 
increased platelet counts In the mouse [Burstein,. S. A. , et 
al., Clin. Haematol. 12:3-27 (1983)], implicating this 
enzyme in the commitment and development of these 
haematopoietic cells. 

The DNAs coding for human BuChE and AChE have been cloned 
[Prody, C.j et al., Proc. Natl. Acad. Sci., USA 86:3555-3559 
(1987); Soreq et al., Proc. Natl. Acad. Sci., USA 87 : 9688- 
9 69 2 (1990)] and the human CHE1 locus has been mapped 
[Gnatt, A., et al.. Cancer Res. 5^:1983-1987 (1990)] to the 
3q26-ter chromosomal domain that is subject to aberrations 
in leukemias accompanied by abnormal megakaryocytopoiesis 
and platelet counts [Pintado, T . , et al., Cancer 55:535-541 
(1985)]. Co-amplification of the ACHE and BCHE genes was 
subsequently observed in leukemias and platelet disorders 
[Lapidot-Lifson, Y. r et al., Proc. Natl. Acad. Sci., USA 
4715-4717. (1989) ; Zakut, H. , et al Mutation Research, in 
press (1992)]. The hemopoietic . system thus appears to be 
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subject to developmental control as affected by the 
expression of the ChEs. 

Inhibition of the expression of developmentally important 
genes should, in principle , divert developmental processes 
to directions which are not dependent on the expression of 
these genes. One useful approach to affect such develop- 
mental processes is based on "antisense" technology. The use 
of oligonucleotides to intervene in the genetic processes of 
the cell bears an important therapeutic potential. Thus, 
"informational drugs" with possible clinical applications 
are being developed which arrest the expression of cloned 
genes. The hematopoietic system may be the first logical 
target for novel therapy protocols based on the recent 
achievement in genetic engineering, since it includes 
proliferating stem cells and because of its extreme 
sensitivity to external stimuli [Wilson, J.D., et al., 
Harrison's Principles of Internal Medicine, 12th Ed., 
McGraw-Hill, Inc., New York, Chapters 268-269; 285-288 
(1991)]. Stem cells may be defined as cells which can 
replicate repeatedly and differentiate into various kinds of 
committed cells. Commitment will gradually limit the 
differentiation choices for cells in which it occurs, until 
precursor cells are formed with only one choice (i.e. 
erythrocytes, megakaryocytes or macrophages). The first stem 
cells can thus be defined as totipotent, i.e. they may take 
all of the choices in the blood and immune system. The 
orientation of such cells into desired direction should be 
most useful in overcoming undesired changes, such as 
depletion or excess of specific subpopulations of hemo- 
poietic cells. Less, although also useful is the redirection 
of the more limited pluripotent stem cells. 
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Stem cells account for < 0.1% of cells in bone marrow • They 
can be detected either directly/ by immunocytochemical 
methods, or retroactively, by cell culture growth and 
subsequent evaluation of formed colonies. For therapeutic 
purposes, it would be desirable to control stem cells 
differentiation and cause totipotent and pluripotent stem 
cells to replicate. 

Production rate of bone marrow cells in healthy individuals 
may reach 10 10 platelets and differentiated blood cells per 
hour. Life span of these cells varies from years for some 
lymphocytes, 120 days for erythrocytes to 10 days for plate- 
lets and 10 hours for neutrophils. Changes in the sub- 
populations of hemopoietic stem cells may be found in 
patients suffering malignant myeloproliferative diseases, 
such as various leukemias etc., in blood cells proliferative 
diseases such as polycythemia vera etc . , and in autoimmune 
diseases like lupus erythematosus etc., in which the blood 
production system is defective. Defective hemopoiesis is 
further observed in patients undergoing various commonly 
used therapeutical treatments like chemotherapy and 
irradiation which impair the blood production system* Thus 
all cancer patients, individuals following tissue trans- 
plantation and others who have suffered poisoning by 
chemicals and/or different drugs, display abnormal hemo- 
poiesis with its subsequent consequences. The therapeutical 
value of the ability to modulate hemopoietic cell division 
in patients suffering any of the above pathological 
conditions is self-evident. Furthermore, modulation of 
hemopoietic cell division, and especially increasing the 
number of hemopoietic stem cells, may be of particular 
advantage for the clinical procedure of bone marrow trans- 
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plantation. Techniques are already available for freezing 
bone marrow cells and for their subsequent transplantation 
in patients suffering any of the above pathological 
conditions. However, the only transplanted bone marrow cells 
which can survive in the recipient and proliferate to 
improve his/hers condition are stem cells. The above 
procedure may be autotransplantation, using the recipient's 
owii bone marrow, or allotransplantation, using bone marrow 
from a compatible donor. 

As mentioned above, cholinergic signals are implicated in 
the commitment and development of haematopoietic cells. 
Recently, preliminary evaluation of antisense oligo- 
nucleotides incorporation in vivo was performed which 
revealed the short term therapeutic applicability of this 
approach [Cohen, et al., Antisense Res. & Dev. 2: 191 
(1991)], Antisense oligonucleotides of 15-20 bases are 
usually long enough to ascertain that they will only have 
one complementary sequence in the mammalian genome. In 
addition, they hybridize well with their target mRNA [Cohen 
et al., ibid.]. Modification of the phosphodi ester backbone 
renders these oligonucleotides resistant to degradation by 
nucleases [Spitzer, F. and Eckstein, F., Nuc. Ac. Res. 16 : 
11691-11704 (1988) ]. Both methylphosphonate and phosphoro- 
thioate groups were used for this purpose [Baker, C, et 
al., Nuc. Ac. Res. 18:3537 (1990)]. Being nonionic, the 
methyl -phosphonate analogs were predicted to exhibit 
increased cellular uptake [Blake, et al., Biophem. 24 : 6139 
(1985)]. However, antisense methylphosphonate oligomers were 
shown to be incapable of inhibiting N-ras expression in 
vitro [Tidd, et al., Anti-Cancer Drug Design 3.:117 (1988)] 
whereas the in vitro translation of several oncogene mRNAs 
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was successfully blocked by phosphodi ester and/or phosphoro- 
thioate antisense oligonucleotides f c-mvc : McManaway et al. , 
Lancet 335:808 (1990) , Watson et al . , Cancer Res. £1:3996 
(1991); bcl-2 : Reed et al., Cancer Res. 50:6565 (1990); mvb : 
calabrett et al., Proc. Natl. Acad. Sci. USA 88:2351 (1991); 
bcr-ab : Szczylik et al. , Science 253 :562 (1991)]. Both sense 
and nonsense oligonucleotides served as controls in these 
studies and were shown to be non-effective, while antisense 
oligonucleotides selectively inhibited their target gene 
expression and phosphorothioate oligonucleotides were more 
potent because of their greater stability [Woolf, T*M. , et 
al., Nuc. Ac. Res. 08:1763 (1990)]. 

Antisense oligonucleotides are able to . interfere specifi- 
cally with synthesis of the target protein of interest 
[Moffat, Science 253 :510 (1991)]. This may occur by 
inhibition of polysome formation and/or functioning, 
according to the position of the antisense oligonucleotide 
within, the target mRNA. Thus, the frequent choice of the 
sequence surrounding the translation initiation codon as 
target for antisense oligonucleotide inhibition aims to 
prevent the formation of the initiation complex. Indeed, 
antisense RNAs occur naturally as regulators jof translation 
TEguchi et al., Ann. Rev. Biochem. SO : 631 (1991)]. Other 
mechanisms of antisense oligonucleotide inhibition involve 
activation of ribonuclease H, which subsequently performs 
digestion of the antisense oligonucleotide-mRNA hybrids 
[Chiang, M.Y., et al., J. Biol. Chem. 266 :18162 (1991)], or 
interference with splicing . through antisense oligo- 
nucleotides targeted to mRNA splice sites [Kole et al,, Adv. 
Drug Deliv. Rev. 6:271 (1991)]. 
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In addition to their mRNA targets, antisense oligo- 
nucleotides are also complementary to the genomic sequences 
expressing these mRNAs. When injected into cultured cells, 
they accumulate within nuclei [Leonetti, J. P., et al., Proc. 
Natl. Acad. Sci. USA 88:2702 (1991)], suggesting that they 
may also function by interfering with transcription through 
formation of a third DNA strand, associated by Hoogsteen 
base pairing with the major groove of the B-form DNA duplex 
[Moffat, Science 252 :1374 (1991)]. In vitro transcriptional 
arrest of c-myc expression was shown to operate by this 
mechanism in a cell-free system [Cooney et al., Science 241 : 
456 (1988)]. Recent polyamide nucleic acid oligomers (with 
polyamide backbone replacing the deoxyribose phosphate back- 
bone of DNA) were shown to cause displacement of their 
complementary strands from double stranded DNA [Nielsen et 
al., Science 254:1497 (1991)]. These newly designed drugs 
will selectively interrupt gene function without affecting 
the transcript products. In contrast, ribozyme sequences 
were shown to specifically interact with ' the mRNA trans- 
cripts. These are ribonucleic acid sequences, including 
RNase active sites flanked by antisense oligonucleotides 
[Haseloff and Gerlach, Nature 3:585 (1988)]. When targetted 
to the human immunodeficiency virus (HIV) they destroy HIV 
mRNA effectively [Sarver et al . , Science 247 :1222 (1990)], 
However, oligoribonucleotides are more difficult to 
synthesize than oligodeoxynucleotides, particularly in 
chemically modified forms resistant to RNase attacks [Pieken 
et al., Science 253 :314 ( 1991)]. 

Phosphorothioate antisense oligonucleotides do not show 
significant toxicity and exhibit sufficient pharmacodynamic 
half-lives in animals [Agrawal, S., et al., Proc. Natl. 
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Acad. Sci. USA 88:17595 (1991)]. Antisense induced loss-of- 
function phenotypes related with cellular development were 
shown for the glial fibrillary acidic protein (GFAP) , 
implicated in astrocyte growth within astrocyte-neuron 
cocultures [Winstein et al., J. Cell Biol., il2:l205 
(1991)], for the myelin-associated glycoprotein in Schwann 
cells / responsible for formation of the compact myelin 
sheath formation surrounding these cell [Owens and Bunge, 
Neuron 2-56 (1991)], for the microtubule-associated tau 
proteins implicated with the polarity of hippocampal neurons 
and their axon formation [Caceres and Kosik, Nature 343 : 461 

(1990) ], for the B 1 -integrin , important for neuronal 
migration along radial glial cells, and for the establish- 
ment of tectal plate formation in chick [Galileo et al., J. 
Cel. Biol. 112:1285 (1991)] and for the N-myc protein, 
responsible for the maintenance of cellular heterogeneity in 
neuroectodermal cultures (ephithelial vs. neuroblastic 
cells, which differ in their colony forming abilities, 
tumorigenicity and adherence) [Rosolen et al., Cancer Res. 
50:6316 (1990); Whitesell et al., Mol. Cell. Biol 11:1360 

(1991) ]. Antisense oligonucleotide inhibition of basic 
fibroblast growth factor (bFgF) , having mitogenic and 
angiogenic properties , suppressed 80% of growth in glioma 
cells [Morrison, J. Biol. Chem. 266 :728 (1991) 1 in a 
saturable and specific manner. The antisense oligo- 
nucleotides were targetted against the* initiation and splice 
sites in bFgFmRNA, they reduced activity of the resulting 
protein and sense oligomers remained inactive, in soft-agar 
cultures, antisense oligonucleotides reduced the size of 
glial colonics and induced appearance of larger cells within 
them [R. Morrison, Neuroscience Facts 3 (1992): bFGF 
expression in human glioma cells ) ] . 
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Being hydrophobic, antisense oligonucleotides interact well 
with phospholipid membranes [Akhtar, S., et al . , Nuc. Res. 
l£:5551-5559 (1991)]. Following their interaction with the 
cellular plasma membrane, they are actively transported into 
living cells [Loke,S.L., et al., Proc. Natl. Acad. Sci. USA 
86.: 3474 (1989)], in a saturable mechanism predicted to 
involve specific receptors [Yakubov, L.A. , et al., Proc. 
Natl. Acad. Sci. USA 86:6454 (1989)]. 

Antisense inhibition of key molecules involved in signal 
transduction processes may be expected to interfere also 
with secondary mechanisms depending on the targetted key 
molecule. Thus, cholinergic signaling through the m 2 musca- 
rinic acetylcholine receptor is coupled to pertussis toxin- 
sensitive G proteins and adenylyl cyclase activity. The 
gamma-aminobutyric type B receptor (GABAg) is similarly 
coupled to this signal transduction process, and both 
receptors are expressed in cerebellar granular neurons . 
Antisense oligonucleotides to the m 2 receptor mRNA blocked 
completely the synthesis of this receptor within 3 days, and 
reduced the GABAg receptor by 40% within 6 days. It remains 
to be shown whether this latter effect was due to the 
conserved oligo sequence being present also in the yet 
uncloned GABA^ receptor, or whether the delay* effect was 
secondary to m 2 inhibition [Morrison R. , ibid.]. 

In view of the above-mentioned implication of cholinergic 
signals in the commitment and development of haematopoietic 
cells, it is an object of the present invention to provide 
for compounds and methods capable of diverting the process 
of cholinergic signalling, which may direct bone marrow stem 
cells into continued replication and re-orient their 
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subsequent differentiation, both in culture and in vivo, 
into mononuclear cells of the hemopoietic and immune system. 

Thus, the ChEs related antisense oligodeoxynucleotides of 
the present invention appear to be potent candidates for the 
modulation of bone marrow cells development described above. 
This adds to the effects of already characterized growth 
factors, such as the granulocyte colony stimulating factor 
(G-CSF), interleukin 3, 6 and. 11, Lif (leukemia inducing 
factor) and the recently described stem cell factor, which 
interacts with the receptor produced from the C-kit 
protoncogene. 
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SUMMARY OF THE INVENTION 

The invention relates to synthetic phosphorothioated or 
partially phosphorothioated oligodeoxynucleotides capable of 
selectively modulating hemopoietic bone marrow cells deve- 
lopment. The term modulating as used herein refers to selec- 
tive inhibition and/or stimulation of megakaryocytopoiesis 
and/or erythropoiesis in bone marrow cells and additionally 
to selective diversion of hemopoietic bone marrow stem cells 
development from megakaryocytes and/or erythrocytes to 
macrophages and mononuclear cells. 

More particularly, the invention relates to synthetic phos- 
phorothioated or partially phosphorothioated oligodeoxy- 
nucleotides capable of inhibiting or stimulating megakaryo- 
cytopoiesis and/or erythropoiesis and of diverting hemo- 
poietic bone marrow stem cells development from megakaryo- 
cytes and erythrocytes to macrophages and other mononuclear 
hemopoietic cells. 

The oligodeoxynucleotides of the invention are capable of 
modulating hemopoietic bone marrow stem cells development in 
vitro . Such cells can be cells extracted from patients in 
need of transplantation. The oligodeoxynucleotides of the 
invention can effectively influence the cell composition of 
the culture until the desired cell composition is reached, 
and/or can increase the number of viable stem cells in the 
culture. 

The oligodeoxynucleotides of the invention can also modulate 
cell division properties in organs or tissues to be trans- 
planted, in order to improve the procedure and decrease 
tissue rejection following the transplantation procedure. 
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The oligodeoxynucleotides of the invention can also be 
administered to potential donors of bone marrow or organs, 
prior to the donation procedure in order to enrich ... the 
hemopoietic bone marrow fraction of specific stem cells of 
the hemopoiectic system. 

The oligodeoxynucleotides of the invention can also be 
applied to embryonic or fetal bone marrow cells, prior to 
their storage in cell banks in order to retain such cells in 
viable forms devoid of tissue compatibility antigens. 

Furthermore, the oligodeoxynucleotides of the invention can 
also be effective in the treatment of patients with certain 
malignant tumors, for selectively arresting the rapid cell 
division characteristic of„ the tumor tissue, while not 
interfering with the benign process of cell division within 
cells surrounding the tumor. 

In particular, the invention relates to synthetic oligo- 
deoxynucleotides being antisense oligodeoxynucleotides 
directed against a region spanning the AUG initiation codon 
in human ACHE (acetylcholinesterase) or 2HS (cdc2 kinase) 
genes r having phosphorothioate internucleotidic bonds 
between all~of the nucleotides or between only the four 3 f - 
terminus nucleotides and to synthetic oligodeoxynucleotides 
according being antisense oligodeoxynucleotides directed 
against the region spanning the AUG initiation codon in 
human BCHE (butyrylcholinesterase) gene or a, 5 '-region in 
the CHED (cdc2 homolog) gene, having phosphorothioate 
internucleotidic bonds between the four 3 1 -terminus 
nucleotides. 
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Still more particularly the invention relates to a synthetic 
antisense oligodeoxynucleotide directed against a region 
spanning the initiator AUG codon in the human 2HS gene 
having the formula: 

5 1 -GGTATAATCTTCCAT-3 1 
having phosphorothioate internucleotidic bonds between all 
the nucleotides (AS 2HS-T S ) or between the four 3 1 -terminus 
nucleotides (AS 2HS-S 3 ); 

to a synthetic antisense oligodeoxynucleotide directed 
against a region spanning the initiator AUG codon in the 
human ACHE gene having the formula: 

5 1 -CTGCGGGGGCCTCAT-3 1 
having phosphorothioate internucleotidic bonds between all 
the nucleotides (AS ACHE-T g ) or between the four 3 '-terminus 
nucleotides (AS ACHE-S 3 ); 

to a synthetic antisense oligodeoxynucleotide directed 
against a region spanning the initiator AUG codon in the 
human BCHE gene having the formula: 

5 1 -GACTTTGCTATGCAT-3 1 
having phosphorothioate internucleotidic bonds between 
the four 3" -terminus nucleotides (AS BCHE-S 3 ); and 

to a synthetic antisenser oligodeoxynucleotide directed 
against a 5 1 -region in the human CHED gene having the 
formula: 

5 i -TTTTCCCCAGTCAAT-3 1 
having phosphorothioate internucleotidic bonds between the 
four 3' -terminus nucleotides (AS CHED-S-). 
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The invention also relates to pharmaceutical or medical 
compositions comprising as active ingredient at least one of 
the oligonucleotides of the invention , in a physiologically 
or medically acceptable carrier, optionally also comprising 
additional physiologically acceptable additives. The active 
ingredient may consist of one of the oligodeoxynucleotides 
or of mixture/s thereof. 

More particularly the compositions of the invention may be 
suitable for the modulation of hemopoietic bone marrow stem 
cells development. These compositions may inhibit abnormal 
hemopoietic cells proliferation. Also-, the compositions may 
be used to enhance macrophage production and increase stem 
cell counts. 

Still more particularly the compositions of the inventions 
may be suitable for in vitro modulating cell division 
properties in organs or tissues to be transplanted in order 
to decrease immune response . and resulting tissue rejection 
following the transplantation procedure. The compositions 
may also be used for in vitro increasing stem cell fraction 
in bone marrow cells to be transplanted. 

Furthermore, the compositions of the invention may be used 
for treating embryonic or fetal bone marrow cells prior to 
their storage in cell banks in viable forms devoid of tissue 
compatibility antigens, comprising as active ingredient the 
oligodeoxynucleotides of the invention, in a. pharmaceuti- 
cal^ acceptable carrier, optionally also comprising 
additional physiologically . acceptable agents. The active 
ingredient may consist of one of the oligodeoxynucleotides 
or of mixture/s thereof. 
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Additionally, the compositions of the invention may be used 
for treatment of organ donor and recipient, prior to the 
donation procedure, to decrease the immune response in 
procedures of allotransplantation, and for the treatment of 
potential bone marrow donors, prior to the extraction of the 
bone marrow, in order to enrich the hemopoietic bone marrow 
fraction of specific stem cells of the hemopoietic system. 

Still further, the compositions of the invention may be used 
for treating patients with malignant tumors, selectively 
arresting cell division in the tumor tissue, but not in the 
benign cells surrounding the tumor. These compositions may 
be particularly suitable for the treatment of chondro- 
sarcomas . 



The invention also relates to methods of modulating hemo- 
poietic bone marrow stem cells development in patients in 
need of such treatment by administering to the patient a 
therapeutically effective amount of the oligodeoxynucleo- 
tides or compositions of the present invention. For example, 
abnormal hemopoietic cells proliferation may be inhibited, 
macrophage production enhanced and stem . cell counts 
increased by the methods of the present invention. 

The invention also relates to methods of in vitro modulating 
cell division properties in organs or tissues to be trans- 
planted, in order to decrease immune response and resulting 
tissue rejection following the transplantation procedure, 
by contacting the organ with an effective amount of the 
oligodeoxynucleotides or compositions of the invention under 
conditions suitable culture conditions appropriate for 
allotransplatations procedures. These methods may also 
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be used for in vitro increasing stem cell fraction in bone 
marrow cells samples to be transplanted. 

Furthermore, the invention also' relates to methods of 
treating embryonic or fetal bone marrow cells prior to their 
storage in cell banks in viable forms devoid of tissue 
compatibility antigens r by contacting a sample with the 
oligodeoxynucleo tides or compositions of the invention under 
suitable culture conditions. 

Additionally, the methods of the invention encompass treat- 
ment of organ donor and recipient, prior to the donation 
procedure, to decrease the immune response in procedures of 
allotransplantation, and of potential bone marrow donors, 
prior to the extraction of the bone marrow, in order to 
enrich the hemopoietic bone marrow fraction of specific 
stem cells of the hemopoietic system. 

Still further, the invention relates to methods of treating 
patients with malignant tumors, selectively arresting cell 
division in the tumor tissue, but not in the benign cells 
surrounding the tumor by administering to the patient in 
need of such treatment a therapeutically effective amount of 
the oligodeoxynucleotides or compositions of the invention. 
These methods may be particularly suitable for the treatment 
of chondrosarcomas. 
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DESCRIPTION OF THE FIGURES 

Figure 1 Transcription vectors for ChERNAs . 
35 

[ S] -labeled RNA transcripts composed of the 
"sense" (mRNA) or "antisense" (cRNA) strands comp-< 
lementary to the cDNAs encoding AChE and BuChE 
were prepared as detailed under Material and 
Methods (4) from the pGEM-7Z(+) and Bluescript 
SK( + ) plasmids, using T7, SP6 or T3 RNA polymer- 
ases. Informative restriction sites are noted for 
the cDNA inserts and their boundary polylinker 
domains. The labeled RNA products were further 
subjected to controlled alkaline hydrolysis to 
produce sufficiently shortened probes for in situ 
hybridization . 

Figure 2A Titration curves of IL 3 -treated murine bone marrow 
cells cultures with S 3 or T s oligodeoxynucleotides 
(Antisense - AS; Sense - S). 

Bone marrow cells were grown in methyl cellulose/ 
LPM (Beit Haemek) / 1% BSA (Sigma) and 10% WEHI-CM, 
a source of IL-3. They were incubated at 37 °C and 
5% CO z at a cell concentration of 10 5 cells/ml. 
AS- and S -oligodeoxynucleotides were prepared at 
stock concentrations of 2-4 mM made in 10 mM Tris 
+ l mM EDTA, pH 7.5, and were kept frozen at -20 °C 
until use. They were subsequently diluted in PBS 
to 100 /iM and added to cultures at time 0 to give 
final concentrations of 2.5-10 /iM. The oligodeoxy- 
nucleotides were retained in the culture through- 
out the experiment* Colonies were scored on Day 4 
with a Zeiss stereozoom microscope equipped with 
an optic fiber dark field device. 
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Figure 2B Representative fields for cultured bone marrow 
cells treated with sense and antisense BCHE oligo- 
deoxynucleotides of the. T g and S 3 types, at 5fi M 
concentrations and 4 days incubation. 

Figure 3 Cell composition of sense and antisense oligo- 
deoxynucleotides-treated megakaryocyte colonies , 
grown in the presence of IL3 only (megakaryocyte- 
poietic conditions ) . 

Total contents of plates were scraped and collec- 
ted on Day 4, washed once with PBS and cyto- 
centrifuged. Cells were stained with May-Grunwald 
Giemsa and at least 1,000 cells counted per given 
experimental condition. Cells were classified 
according to the same criteria as in Patinkin et 
al., Mol. Cell Biol., 10:6046, (1990). 

Figure 4 The Table presents data of several molecular para- 
meters of the various oligodeoxynucleotides and 
their variable . effects in inhibiting colony 
formation under megakaryocytopoietic conditions. 

Figure 5 Titration curves of colony formation following ad- 
ministration of oligodeoxynucleotides under mega- 
karyocytopoietic conditions with only IL3 added 
(CFU-MEG) and. under erythropoietic conditions, 
with also transferrin and erythropoietin (EPO) 
added (CFU-GEMM). 

For the CFU-GEMM conditions bone marrow cells were 
grown in methyl cellulose/LPM (Beit Haemek) con- 
taining 10" 4 M thioglycerol (Sigma), 1% BSA 
(Sigma), 10% WEHI-CM (containing IL-3), 2.8xl0~ 4 M 
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iron-saturated human transferrin (Behring, 
Marburg) and 2 units erythropoietin (EPO, l,000u/ 
mg) (Terry Fox Labs, Vancouver, B.C). Colonies were 
scored after 8 days incubation at 37 °c ' and 5% CO., 
using a Zeiss stereozoom micro scope equipped with 
an optic fiber dark field device. 

Figure 6 Histograms of cell composition in cell cultures 
grown in the presence of various oligodeoxynucleo- 
tides • 

(Al) Oligodeoxynucleotide concentration: AS- and 
S-ACHE - 2/xM; AS- and S-BCHE - 4/xM; erythro- 
poietic conditions (IL3 + EPO). 

(A2) Oligodeoxynucleotide: AS-ACHE. Increasing 
concentrations, erythropoietic conditions. 
All pink or red CFU-GEMM colonies, >0.5 mm in 
diameter, of a given plate were picked with a 
micropipette, washed in PBS and cytocentri- 
fuged. The CFU-GEMM colonies constituted 
about 90% of the total colonies present. 
Cells were "stained with May-Grunwald Giemsa 
and at least 1,000 cells counted per a given 
experimental condition, both early erythro- 
blasts and megakaryocytoblasts are small 
deeply staining cells with very large nuclei 
and very narrow rims of cytoplasm. They are 
distinguished from one another by indirect 
immunocytochemical staining with 1:1,0 00 
dilution of human anti-GPIIb/Ilia Ab (a gift 
from Barry S. Coller, Stonybrook, N. Y . ) , 
followed by a 1:100 dilution of anti-mouse Ig 
f luorescein-linked Ab (Amersham Internatio- 
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nal) and direct staining with anti-human 
Glycophorin -alpha Ab ( Imraunotech , Marseille), 
Late erythroblasts were characterized by a 
white or very light blue cytoplasm surroun- 
ding a small dark nucleus. 
(B) Oligodeoxynucleotide concentration 2 fiK. 
Megakaryocytopoietic conditions ( IL3 ) . 

Figure 7 Representative micrographs of bone marrow smears 
of mice injected once, intraperitoneally, with 
25/ig/g body weight AS -ACHE, 20 days post- 
injection or with phosphate buffered saline (PBS ) 
for control • 

Figure 8 ChEcRHA labelings increase with megakaryocytes 
development. 

Bone marrow smears from untreated female mice were 
sub j ected to in situ hybridization with the noted 
[ 35 S ] -labeled ChERNA probes. Labeled megakaryo- 
cytes (MK) were photographed following emulsion 
autoradiography as detailed under Methods. 
A: Promegakaryocytes ; 
B: Intermediary cells;. 

C: Mature , polynuclear megakaryocytes. ( 
Note the increase in grain no./ cell which 
accompanies megakaryocytes - development , the 
difference between AChEmRNA and BuChEmRNA 
labelings and the absence of grains over cells 
hybridized with the control ("sense") probes. 
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Figure 9 Variability in AChEraRNA levels during megakaryo- 
cyte maturation. 

A: The average no* of grains per cell was 
determined for the noted no* of megakaryocytes 
at the pro- ( ) , intermediary ( ) and mature ( ) 
stage. Cells were divided to groups according 
to their developmental stage and the no. of 
grains over them (from 0 to 20, from 20 to 40 
etc . , ) • Curves represent the distribution of 
grain density for each of the megakaryocyte 
subtypes. Note the wider variability of grains 
over mature as compared with intermediary and 
promegakaryocytes and the larger no. of inter- 
mediary cells as compared with the other 
groups . 

Inset: Average no. of grains per cell type is 
shown in a histogram. Background 
labeling over slide areas uncovered by 
cells, representing spontaneous grain 
formation in the photographic emulsion 
did not exceed 5% of the signal and was 
subtracted from the experimental 
results . 

B: Variable labeling over intermediary and mature 
megakaryocytes is shown in emulsion autoradio- 
graphy micrographs. Note that various nuclei 
and cells are labeled with different intensi- 
ties. The empty space around nuclear clusters 
is probably due to receding cytoplasm at the 
preparation steps prior to the in situ hybridi- 
zation procedure [Courtney, M. , et al., Blood 
77:560-568 (1991)]. 
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Figure 10 Labeling variations in mice administered in vivo 
with AS -CHE oligodeoxynucleotides. 

Bone marrow smears were prepared from adult female 
mice treated once with "antisense" phosphorothio- 
thioate oligodeoxynucleotides or with PBS as de- 
tailed under methods , 3 weeks after the treatment. 
In situ hybridization and emulsion autoradiography 
were performed in parallel. The presented photo- 
graphs display smears hybridized with antisense 
AChEcRNA or BChEcRNA from a single mouse out of 
each treatment group . Note the lower . intensity 
labeling with BuChEcRNA as compared with AChEcRNA 
in all mice, and the reduction in labeling inten- 
sity in the treated as compared with PBS injected 
mice. — - 

Figure 11 Modulation of ChEmRNA levels in megakaryocytes 
from control and AS -CHE treated mice. 
ChEmRNA levels in immature, pro-, intemediary and 
mature megakaryocytes were determined in average 
no. of grains per cell as detailed in text for 
mice treated with PBS, AS-ACHE and AS-BCHE. 
"Sense" AChEmRNA and BuChEmRNA probes served for 
controls and bone marrow smears hybridized with 
them remained practically unlabeled (see empty 
symbols in top drawing) . Note differences in the 
developmental patterns of labeling with the two 
cRNA probes and reductions in these labelings in 
. mice. treated with AS-CHEs. 
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Figure 12 Cell count alterations in megakaryocyte popula- 
tions from AS -ACHE and AS-BCHE treated mice. 
Total counts of megakaryocytes for each bone 
marrow smear were averaged within eacfi treatment 
group (N=4) and are shown with their standard 
deviations. Columns represent average % fractions 
of specific megakaryocyte subtypes within these 
~~ groups . Deviations are marked at column tops . Note 

variations in total megakaryocyte number and 
altered differential cell counts for AS -ACHE, but 
not AS-BCHE treated mice as compared with the PBS- 
injected controls. 

Figure 13 Suppression of ChEmRNA levels is selective as 
observed by normal levels of actin mRNA trans- 
cription in AS-ACHE-treated mice. 

13A: Selective PGR amplification of fl-actin mRNA 
from AS-ACHE-treated and untreated (PBS) 
mice. 

Total RNA was extracted from bone marrow of 
AS -ACHE phosphorothioate oligodeoxynucleotide 
or PBS injected mice using the RNasol method 
according to manufacturer's instructions. 
1 iig RNA was reverse transcribed using random 
hexamers as primers. The resultant cDNA was 
PCR amplified with the mouse J3-actin specific 
primers 822(+) and 996(-) [Lapidot-Lif son, 
Y., et al., Proc. Natl. Acad. Sci. USA 89: 
579-583 (1992)] using the RNA-PCR kit (Perkin 
Elmer /Cetus ) , according to manufacturer 1 s 
instructions. PCR conditions were: denatura- 
tion: 94°C, 1 min. (1st cycle 3 min.); 
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annealing: 55° C, 1 min.; elongation: 72* C, 
1 niin. (last cycle 5 min.), 35 cycles. PCR 
products (10%) were analyzed on- . ethidium 
bromide stained 1.6% agarose gel. Note the 
presence of B-actin PCR fragment (I75bp) in 
apparently similar amounts in AS- ACHE and 
PBS injected mice in the presence of reverse 
transcriptase (+RT) and its absence where 
reverse transcriptase was not included in the 
reaction mixture (-RT), M, molecular weight 
marker (marker VI, Boehringer Mannhiem); bp, 
base pairs. 

13B: Schematic presentation of the mouse actin 
gene. Positions of the 822 (+) and 966 (-) 
primers within the coding region of actin 
cDNA as related to the exon/intron structure 
of the mouse J3-actin gene is shown. N' and C 1 
denote the amino and carboxyl termini of the 
mature protein. P(A), the polyadenylation 
signal; ( ) the position of intron. The 
length is shown in kb. 

Figure 14 Cytoplasmic accumulation of AS-61igodeoxynucleo- 
tides* 

AS-CHED covalently bound to a fluorescent FITC tag 
was administered at final concentration of 4 jiH to 
CFU-MEG cultures. 2 hr. and 4 days after,, cells 
were cytospinned and stained as detailed under 
Methods. Fluorescent photography using a Zeiss 
Axioplan microscope and a xlOO Plan neof luar lense 
was then employed to reveal. subcellular localiza- 
tion (S) of the AS^oligodepxynucleotide within 
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treated cells- Analyzed cell types included mature 
megakaryocytes (A), mixed colonies containing 
young, dividing megakaryocytes and mature poly- 
morphonuclear cells (B), and yet smaller poly- 
morphonuclear cells, early in their development 
(C). 



- 25 - 



WO 93/21202 



PCT/EP93/00911 



DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to synthetic phosphorothioated or 
partially phosphorothioated oligodeoxynucleotides. .capable of 
selectively modulating hemopoietic bone marrow cells 
development. 

More particularly the invention relates to synthetic phos- 
phorothioated or partially phosphorothioated oligodeoxy- 
nucleotides capable of inhibiting or stimulating megakaryo- 
cytopoiesis and of diverting hemopoietic bone marrow stem 
cells development from megakaryocytes and erythrocytes to 
dividing stem cells, macrophages and otheer mononuclear 
cells. 

In particular, the invention relates to synthetic oligo- 
deoxynucleo tides being antisense oligodeoxynucleotides 
directed against a region spanning the AUG initiation codon 
in human ACHE (acetylcholinesterase) or 2HS (cdc2 kinase) 
genes, having phosphorothioate internucleotidic bonds 
between all of the nucleotides or between only the four 
3 1 -terminus nucleotides and to synthetic oligodeoxynucleo- 
tides being antisense oligodeoxynucleotides directed against 
a region spanning the AUG initiation codon in human BCHE 
( butyryl cholines terase) or a 5 ' -region in CHED . (cdc2 
homolog) genes, having phosphorothioate internucleotidic 
bonds between the four 3 '-terminus nucleotides. 

Specific synthetic antisense oligodeoxynucleotides according 
to the present invention are the following: 

- an antisense oligodeoxynucleotide directed against a 
region spanning the initiator AUG codon in the human 2HS 
gene having the formula: 
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5 ' -GGTATAATCTTCCAT-3 1 
having phosphorothioate internucleotidic bonds between all 
nucleotides (AS 2HS-T g ) or between the four 3' -terminus 
nucleotides (AS 2HS-S 3 ); 

- an antisense oligodeoxynucleotide directed against a 
region spanning the initiator AUG codon in the human ACHE 
gene having the formula: 

5 ' -CTGCGGGGGCCTCAT-3 1 
having phosphorothioate internucleotidic bonds between all 
nucleotides (AS ACHE-T S ) or between the four 3 1 -terminus 
nucleotides (AS ACHE-S 3 ); 

- an antisense oligodeoxynucleotide directed against a 
region spanning the initiator AUG codon in the human BCHE 
gene having the formula: 

5 1 -GACTTTGCTATGCAT-3 ■ 
having phosphorothioate internucleotidic bonds between the 
four 3* -terminus nucleotides (AS BCHE-S 3 ); and 

- an antisense oligodeoxynucleotide directed against a 5 1 - 
region in the human CHED gene having the formula: 

5 t -TTTTCCCCAGTCAAT-3 ■ 
having phosphorothioate internucleotidic bonds between the 
four 3 '-terminus nucleotides (AS CHED-S 3 ). 

The partially phosphorothioated oligodeoxynucleotides are 
preferred. 

The phosphorothioated and partially phosphorothioated 15- 
mer oligodeoxynucleotides can be synthesized, for example, 
by using an Applied Biosystems 3B0B DNA synthesizer, as will 
be described in more detail in the following Examples. 
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To examine the concentration dependence of the antisense 
oligodeoxynucleotides and to determine their toxicity 
levels, titration curves were obtained for each of the 
present oligodeoxynucleotides , using megakaryocytopoietic 
bone marrow cultures. As may be seen from Experimental 
Example 1, both the fully (T g )and partially (S 3 ) phosphoro- 
thioated oligodeoxynucleotieds AS-BCHE, AS-2HS and AS-CHED 
reudced colony counts specifically. However, the S 3 oligo- 
deoxynucleotides were considerably less toxic than their T c 
equivalents . As may be seen from this Example and Figs . 1 
and 2, the fraction of megakaryocytes was significantly 
reduced and a matching increase in macrophages was observed 
for AS— B CHE and AS-CHED, but not for AS-2HS or S-BCHE 
treatments. Thus, the antisense BCHE and CHED oligodeoxy- 
nucleotides of the invention are capable of reducing 
megakaryocytopoiesis and stimulating macrophages formation. 

In addition, several molecular parameters of the various 
oligodeoxynucleotides r such as thermodynamic properties, 
dimer formation, hydrogen bonds r intramolecular hybridiza- 
tion, as well as their potential for inhibiting colony 
formation were determined. Results are given in Experimental 
Example 2 . 

The effects of the present oligodeoxynucleotides in cell 
cultures under megakaryocytopoietic conditions, were com- 
pared with those in cell cultures under erythropoietic 
conditions. Remarkably r megakaryocytopoiesis was efficiently 
blocked by both AS -ACHE and AS -BCHE under megakaryocyto- 
poietic conditions, while stimulation of cell proliferation 
was observed for AS-ACHE under erythropoietic conditions, - 
with 10-fold increase in colony counts and an accompanying 
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increase in megakaryocyte fractions. To the best of the 
inventors' knowledge, induction of cell proliferation by in 
vitro oligodeoxynucleotide treatment has -.not been 
demonstrated at the date of the application. Results are 
given in Experimental Example 3. 

Furthermore, the different oligodeoxynucleotides of the 
invention exhibit specific effects which were examined by 
comparable colony counts. Treatment, in culture, with AS- 
ACHE, at low concentration (2 jiM) was shown to be accompa- 
nied by a selective decrease in megakaryocytes under CFU-MEG 
(megakaryocytopoietic) conditions and reduction in erythro- 
cytes under CFD-GEMM (erythropoietic) conditions. At 
relatively high concentrations (12 fM) , treatment, in 
culture, with AS-ACHE further increases the number of mega- 
karyocytes, under erythropoietic conditions, as observed in 
cultures. Treatment, in culture, with AS-BCHE, but not with 
S-BCHE, at 4 concentration, reduced megakaryocytopoiesis 
under both megakaryocytopoietic and erythropoietic 
conditions. Results are given in Experimental Example 4. 

Experiments in vivo show an increase in lymphocytes, inclu- 
ding the desired stem cells, following treatment with AS- 
ACHE. The effect is specific and concentration-dependent, 
and was observed 3 and 6 weeks following a single injection 
of the AS-ACHE, but not the S-ACHE oligodeoxynucleotides. 
Parallel decrease in erythrocytes accompanied this drastic 
change in bone marrow composition. These important results 
are given in Experimental Examples 5 and 8. 

The above effects were further substantiated by the 
increased ChEmRNA levels through megakaryocytes maturation 
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in untreated mice, which were altered following treatment 
with the oligodeoxynucleotides of the invention. Results are 
given in Experimental Examples 6 and 7. _ . 

The present findings suggest that in vivo treatment with low 
amounts of the synthetic phosphorothioated or partially 
phosphorotioated antisense oligodeoxynucleotides " of the 
present invention can modulate platelet production. The 
present findings demonstrate prolonged hematopoietic effects 
of intraperitoneally injected AS-oligodeoxynucleotides on 
the mRNA levels of their target sequences as well as on the 
composition and/or total number of megakaryocytes on the 
other hand . As can be seen in Table 2 , the fractions of 
other hemopoietic bone marrow cells are also influenced by 
these anti-sense oligodeoxynucleotides. 

The inventors have used in situ hybridization followed by 
image analysis and statistical management of labeling 
results. This high resolution approach demonstrated a 20- 
fold increase in AChEmRNA levels and a more modest 4- fold 
increase in BuChEmRNA from promegakaryocytes to mature, 
platelet-producing megakaryocytes. It may be noted that the 
enzymatic activities of AChE and BuChE are both visible at 
all these developmental stages 7. and_ even in the apparently 
unlabeled immature cells [Burstein et al., (1980); Patinkin 
et al., (1990)]. However r the histochemical analysis did not 
allow for quantification. The results presented in the 
following Examples therefore imply that the various CHE 
genes undergo a considerable transcriptional activation 
during the megakaryocytopoietic process. 
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' The complex regulation of CHE genes in mammalian megakaryo- 
cytopoiesis suggests distinct roles for AChE and BuChE in 
the development of these cells- This notion is reinforced by 
the AS -CHE treatments and their effects on the number and 
composition of megakaryocytes in the treated mice, as shown 
in the Examples. Furthermore, these findings present the 
first steps towards the development of an in vivo paradigm 
for the selective inhibition of CHE genes expression using 
oligodeoxynucleotide-based therapeutical preparations . 
Finally, the present observations indicate that platelet 
production in vivo is controlled by cholinergic signalling. 
The development-suppressing effect of AS-BCHE both in Un- 
treated cell cultures and in vivo further suggests that 
erythropoietin, which was absent from the cultures, does not 
principally alter the effect of AS-BCHE, although the extent 
of suppression may not be similar in culture and in vivo . 

AS -ACHE suppresses selectively its target mRNA while 
moderately effecting BuChEmRNA levels. In contrast, AS-BCHE 
decreases both ChEmRNAs, though with higher efficiency for 
BuChEmRNA. Previous culture studies demonstrated a general 
inhibition of megakaryocytopoiesis by AS-BCHE [Patinkin et 
al. r (1990)]. However, its effect on AChEmRNA is signifi- 
cant: the AChEmRNA decrease may not be attributed to the 
general slowdown in megakaryocytopoiesis, as it appeared in 
cells measured precisely as belonging to specific subgroups. 
This, in turn, sheds more light on the variability in 
AChEmRNA labeling in what the inventors defined as mature 
megakaryocytes. Thus, cells seem to accumulate AChEmRNA 
molecules with aging, perhaps to ensure that nuclear 
division and development will cease in these cells. 
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It is a purpose of the invention to provide compounds and 
methods which would improve 1 treatment protocols for blood 
and immune system diseases. Increasing the fraction of stem 
cells in bone marrow to be transplanted may shorten the 
delay period through which the transplanted bone marrow does 
not yet proliferate efficiently enough and the recipient is 
in need of receiving fresh blood transfusions. Treating the 
recipients own prefrozen bone; marrow (for example bone 
marrow may be extracted from patients before commencing 
chemotherapy or radiotherapy) with the oligodeoxynucleotides 
of the invention will avoid the current need for immune 
suppression following the transplantation procedure. 

According to current procedures , 2x10 bone marrow cells per 
kg body weight are needed for transplantation. A single 
extraction involves 10-15 ml bone marrow tissue. Increasing 
the number of proliferating stem cells in such , samples will 
improve the results of the transplantation. Furthermore , 
small seed samples can thus be grown into sizable cell popu- 
lations . This can assist in storing a prospective reci- 
pient 's own cells since such seed cultures may be prepared, 
for example from the umbilical cord and can be kept frozen , 
HLA typed, until needed. 

In addition, the antisense-oligodeoxynucleotides of the 
present invention are potentially important for use in 
immunosuppression procedures. Modification of immune func- 
tion by pharmacological agents is emerging as a major area 
of therapeutics, particularly in clinical procedures 
required for allotransplantation. Activation or suppression 
of the immune response are both believed to involve pro- 
cessing of the "self" or "non-self" antigens by phagocytic 
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cells such as macrophages [for a comprehensive review of 
this topic see Paul, W.E., Fundamental Immunology/ 2nd Ed., 
Raven Press, N.Y. 1989 ]. Therefore, rationalized modulation 
of hemocytopoiesis should be of value for transplantation 
procedures. Thus, suppression of macrophage production, such 
as the effect resulting from the administration of AS-2HS, 
may selectively decrease rejection responses. Moreover, 
induction of stem cells production by AS -ACHE will increase 
the fraction of undifferentiated cells; among those cells 
are those which do not yet present the tissue compatibility 
antigens responsible for the rejection response. Thus, 
combined treatment with AS-2HS, which suppresses hemopoiesis 
in general, and AS -ACHE can be useful at the levels of the 
recipient, the transplanted organ or tissue and, in cases 
where this is known in advance, also at the donor level. In 
the latter, case, the suggested treatment may create in 
advance, within the donor, macrophages devoid of the pheno- 
type which is responsible for the rejection process. Pre- 
cisely modulated quantities of the various antisense oligo- 
deoxynucleotides will be required for these mixture treat- 
ment, all according to the therapeutic objectives, the route 
of administration, and the condition of the patient, when 
used in vivo. Thus it may be necessary for the attending 
physician to titer the dosage and modify the route of 
administration as required to obtain the optimal therapeutic 
effect. The progress of the therapy can be easily monitored 
by conventional hematology assays or laboratory cell counts. 
Suitable starting therapeutic doses can be extrapolated from 
the in vitro efficacy studies described herein. 

An important feature of the present invention is that the 
oligodeoxynucleotide can be administered by perfusion (for 
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organs) or by simple subcutaneous , intramuscular/ intra- 
venous or intraperitoneal injection (for patients) and that 
their effects last for at least several weeks. The limited 
toxicity of the S 3 antisense oligodeoxynucleotides is of 
particular importance for their therapeutical uses. 

This invention provides pharmaceutical compositions compri- 
sing at least one of the antisense oligodeoxynucleotides of 
this invention, or mixtures of at least two of said oligo- 
deoxynucleotides, and physiologically acceptable carriers, 
exipients or stabilizers, usually in the form of solutions. 
Acceptable carriers, exipients are nontoxic to recipients at 
the dosages and concentrations employed, and include 
buffers, such as phosphate buffered saline and like physio- 
logically acceptable buffers, and more generally all suit- 
able carriers known in the art. The compositions may further 
optionally contain physiologically acceptable additives such 
as anioxidants; mono- and di saccharides; salt-forming 
counterions such as sodium and/or nonionic surfactants. 
Sustained release compositions are also contemplated within 
the scope of this application. These may include semi- 
permeable polymeric matrices in the form of shaped articles 
such as films or microcapsules. The antisense oligodeoxy- 
nucleotides and compositions of the invention must be 
sterile . 
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EXAMPLES 

(I ) Materials and Methods 

( 1 ) Synthesis of Antisense oligodeoxynucleotides 

Oligodeoxynucleotides were synthesized on an Applied 
Biosystems 3 8 OB DNA synthesizer using phosphor amidites 
from the same company according to the manufacturer's 
instructions. They were purified by reverse phase HPLC 
on a Waters dual pump 6000A system in combination with 
a Waters automated gradient controller and a model 481 
UV spectrophotometer oeprated at 260 nm with the 5 1 - 
protecting dimethoxytrityl group still attached to the 
oligodeoxynucleotides . This was removed by standard 
treatment with 80% aqueous acetic acid. The oligodeoxy- 
nucleotides obtained were checked for purity again by 
HPLC. To incorporate the phosphorothioate groups, the 
oxidation step employing iodine was replaced by reac- 
tion with 3H-1 , 2-benzodithiol-3-one 1 , 1-dioxide [ Iyer , 
R.P., et al., J. Org. Chem. 55:4693-4699 (1990)]. This 
treatment protects the oligodeoxynucleotides against 
nuclease (Eckstein, F . , Ann. Rev. Biochem. , 54 : 367-402 
(1985); Spitzer, F. and Eckstein, F., Nucleic Acids 
Res., .18:11691-11704 (1988)] and prolongs their dura- 
tion in vivo [Woolf, T.M., et al., Nucleic Acids Res., 
18,: 1763-1769 (1990); Shaw, J. P., et al., Nucleic Acids 
Res., 19.: 747-750 (1991)]. Wherever partial protection 
was required, reaction with 3H-l,2-benzodithiol-3-one 
1,1 -dioxide was performed for the first three steps 
only, after which regular synthesis was continued. The 
resultant partially protected oligodeoxynucleotides 
were therefore blocked by phosphorothioate groups only 
in the last three internucleotidic bonds at their 
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3 1 -terminus. The antisense oligodebxynucleo tides 
employed were AS— ACHE ( 5 1 -CTGCGGGGCCTCAT-3 1 ) and 
AS-BCHE ( 5 1 -GACTTTGCTATGCAT-3 1 ) , designed to complement 
the initiator AUG domain in AChEmRNA [Soreq et al., 
(1990) ibid-] and BuChEmRNA [Prody et al., (1987) 
ibid.] r respectively. Also employed were AS-CHED (5 f - 
TTTTCCCCAGTCAAT-3 1 ) , directed against a 5 1 -region in 
the human CHED gene [Lapidot-Lifson, Y., et al., Proc. 
Natl. Acad. Sci. USA, 89:579-583 (1992)] and AS-2HS 
( 5 1 -GGTATAATCTTCCAT-3 1 ) designed to complement the 
initiator AUG codon in the human cdc2HS kinase mRNA 
[Nurse, Nature (1986)]. The antisense oligodeoxynucleo- 
tides were kept in 4 mM concentration at -20 e C and were 
diluted in phosphate buffered saline (PBS) prior to 
their administration to mice. 

(2^ In vivo administration 

Intraperitoneal injection of AS-CHE and AS-cdc2 oligo- 
deoxynucleo tides was performed using a Hamilton 
syringe. Amounts were calculated according to previous 
experiments in cell cultures [Patinkin et al., (1990); 
Lapidot-Lifson et al., (1992)] so that the final con- 
centration of the AS -CHEs reached 5 [ig/gr. weight and 
the injected volume did not exceed 10 fil/gr. weight. No 
toxicity effects were observed on the injected mice, 
all of which appeared to behave normally and displayed 
no weight losses. Whenever higher concentrations were 
used, these are mentioned and the administration 
procedure remained the same. 
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( 3 ) Transcription vectors for in vitro synthesis of 
human AChEcRNA and BuChEcRNA. 

Human AChEcDNA (1-5 kb long; clone no. hFEL f Soreq et 
al., 1990) was subcloned at EcoRI sites into the pGEM- 
7ZF(+) plasmid (Promega) containing the RNA polymerase 
binding sites from T7 and SP6 bacteriophages. In vitro 
RNA transcription with SP6 or T7 RNA polymerases was 
used to produce antisense AChEcRNA or sense AChEmRNA , 
respectively. Human BuChEcDNA (2.2 kb long; Soreq et 
al., 1989) was subcloned in Pstl/EcoRV restriction 
sites into the Bluescript SK(+) plasmid (Stratagene) 
carrying the RNA polymerase binding sites from T7 and 
T3 bacteriophages. In vitro RNA transcription with T7 
and T3 RNA polymerase was employed to produce from this 
vector "antisense" BuChEcRNA and "sense" BuChEmRNA , 
respectively. 

( 4 ) Preparation of riboprobes for in situ hybridization. 

35 - 7 

[ S] labeled m vitro RNA transcripts (10 cpm//ig) were 

produced using the Amersham RPN 2006 kit and RNA poly- 
merases from Boehringer (Mannheim) , using linearized 
plasmids digested with Hind III, Xho I for the sense 
and antisense AChE RNA probes and with Aps_ I / Sma I for 
the sense and antisense BuChE RNA transcripts, respec- 
tively, all according to the manufacturers' instruc- 
tions. Radiolabeled probes were subjected to alkaline 
hydrolysis for 20 minutes. The resultant 200-400 bases 
long fragments were separated from unincorporated 
nucleotides by Sepahdex column chromatography according 
to [Wilkinson, D.G., et al., Cell 50:79-88 (1987)]. See 
Fig . 1 . 
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f 5) Tissue preparation and in situ hybridization 

Bone marrow was squeezed from dissected femur bones of 
sacrificed 6 weeks old female mice anesthetized with 
ether and was smeared as single cell layers on micro- 
scope slides coated with 3-aminopropyltriethozysilane 
(TESPA, Sigma) to prevent loss of cells during the 
experimental procedure [Rentrop, M. , et al. , Histo- 
chemical Journal 18:271-276 (1986) 1 . Slides were dried 
at room temperature for 2 hours , fixed in 4% paraform- 
aldehyde (20 min. at room temperature) , washed with 3x 
and twice lx phosphate buffered saline, dehydrated 
through ethanol series, air dried and stored at -20* C 
for up to 2 weeks. [Hogan, B., et al., A Laboratory 
Manual, Cold Spring Harbor Laboratory (1986) ]. For in 
situ hybridization slides went through refixation, 0.2M 
HCl incubation for 20 min. to reduce non-specific probe 
binding, proteinase K treatment, acetylation and dehyd- 
ration as described [Rangini, 2., et al.. Mechanisms of 
Development, 35:13-24 (1991) ] Hybridization was per- 
formed in the presence of [ 35 S]-CHERNA (approx. lxio" 7 
cpm per slide) according to Rangini et al., (1991) 
except that no thio-ATP was added. Exposure was for 6 
weeks. Counter- staining was made with May- Grunwald 
Giemsa . 

f 6) Microscopal image analysis and statistical data 
management. 

The in situ hybridization results were analysed using a 
Nikon Microphot microscope equipped with a single slide 
automatic stage, automatic focus and 60x plan apo oil 
immersion objective and connected through an interface 
to a Magiscan Image Analysis microscope controller 
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(Applied Imaging International Ltd, Dukesway, U.K.). 
Image analysis was carried out by the software package 
"GENIAS " / which counts silver grains, measures cell 
parameters, and evaluates association of grains with 
cells. Data management was then performed using the 
"RESULTS" program, which examines the statistical sig- 
nificance of data obtained from "GENIAS" and subjects 
area and perimeter measurements to various statistical 
hypothesis tests (Applied* Imaging, U.K.) . 
Briefly, monochromatic images of the examined mega- 
karyocytes were captured using a red filter to improve 
the contrast • Since the silver grains and cells were at 
different focal planes, the grains were focussed 
accurately as their best resolution was required. Grain 
counts were detected automatically based on their dark- 
ness r and high frequency noise information included in 
the grain image was automatically deleted. Cell borders 
to be measured were manually delineated, after which 
grains were counted and measured separately for each 
cell. Background grain density was measured in parallel 
and subtracted from the experiment 1 results'- Collected 
data included cell counts and parameters (measured cell 
areas), number of grains per cell and per unit area and 
the statistical significance of variations between 
these parameters. Presented data are average results 
for separate in vivo treatments, with approximately 40 
megakaryocytes at different developmental stages 
analysed with each of the ChEcRNA probes in bone marrow 
preparations from four different mice/treatment. 
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(7) Differential cell analysis of antisense oligonucleotide 
treated , semi-solid bone marrow cultures^ 
To grow CFU-MEG colonies, bone marrow' cells_ f xom the 
femur and tibia of 8-12 week-old endotoxin-resistant 
C3H/HeJ mice were cultured in LPM synthetic medium 
(Biological Industries, Beit HaEmek, Israel) containing 
10% conditioned medium for WEHI-3 cells as a source for 
interleukin 3 (IL3), 1% BSA, 10" 4 M thioglycerol and 1% 
methylcellulose (megakaryocytopoietic conditions -CFU- 
MEG) . 

To obtain erythropoietic conditions and grow CFU-GEMM 
colonies, 2.8xl0~ 4 M iron-saturated human transferrin 
and . 2 units of erythropoietin (EPO, 1,000 D/mg/ml) were 
added (CFU-GEMM conditions). 

For both culture types, 0.5-1.0 x 10 5 cells/ml were 
plated in 35 mm petri dishes (Nunc 1008), or 24 well 
tissue culture Costar plates, and incubated 4. or 8 days 
at 37" C under 5% C0 2 with high humidity for CFU-MEG and 
CFU-GEMM conditions, respectively. Oligodeoxynucleo- 
tides, at the denoted final concentrations of 1-20 /iM, 
were added upon initiation of cultures. 

Colonies grown in serum- free methylcellulose cultures 
containing sense or antisense oligonucleotides were 
picked with drawn-out Pasteur pipettes, concentrated 
(5 min at 500xg) by Cytospin (Shandon, 2) centrifuga- 
tion in phosphate buffered saline (PBS), stained with 
May-Gruhwald Giemsa and analyzed microscopically. The 
relative fraction of each cell type represented among 
the total cells recovered from the noted- number of in- 
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dependent experiments were then determined. Satisfac-. 
tory control experiments revealed distributions which 
were essentially identical to that observed in control 
(no oligo) cultures, indicating that there was no non- 
specific toxicity. At least 500 cells were counted for 
each data set. 

Also, for each experiment the total number of CFU-GEM 
or CFU-MEGG was determined in a Zeiss Stereozoom bino- 
cular after 4 or 8 days in the presence of the examined 
oligodeoxynucleotides. Colony counts were plotted, 
either directly or as percent of the total number of 
colonies in control, untreated cultures. Data represent 
" average of at least three independent experiments ± 
Standard Evaluation of the Mean (S.E.M.) in each case, 
unless otherwise noted. 

(II) Experiments and Results 

(!) concentration dependence n-F the AS -oligodeoxynucleo- 
tides and their tox icity levels. 

To examine the concentration dependence of the AS- 
oligodeoxynucleotide effects and determine their toxi- 
city levels, titration curves were derived for each of 
the employed oligodeoxynucleotides, using megakaryo- 
cytopoietic bone marrow, cultures. For this purpose, IL 3 
treated murine bone marrow cell cultures were grown for 
4 days in the presence of increasing concentrations of 
either fully phosphor othioated (Ts) or partially 
protected at the last 3' internucleotidic bonds (S 3 ) 
oligodeoxynucleotides up to lOfiM final concentration 
and colony numbers were recorded. All of the Ts oligo- 
deoxynucleotides, blocking CHED, BCHE or 2HS , were 
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found to reduce the colony counts significantly- How- 
ever , . the S-BCHE oligodeoxynucleotide, with no counter- 
part hybridizable chain in: any cell, also, reduced 
colony counts at concentration above 5 /iM, demonstra- 
ting a non-specific inhibitory effect of such oligo- 
deoxynucleotides on colony formation in culture. This, 
in turn, suggested that the inhibitory effects of the 
anti-sense oligodeoxynucleotides could also include a 
non-specific inhibitory component. This hypothesis was 
reinforced by the observeation that the S 3 oligodeoxy- 
nucleotides, having the same nucleotide sequences, 
were, in general, far less toxic then their T g counter- 
parts in each of the cultures. The non-specific phos- 
inhibition was thus indicated to be related with the 
phorothioate composition of these oligodeoxynucleo- 
tides 

To compare the efficacy of S 3 and T g oligodeoxynucleo- 
tides, differential cell counts were taken for the s 3 
and T g AS -B CHE oligodeoxynucleotides at the final 
concentration of 5 /tM. Significant reductions in the 
fraction of megakaryocytes and a matching increase in 
macrophages were observed with both oligodeoxynucleo- 
tides to comparable extents. Fig. IB demonstrates 
representative fields from such cultures, and Fig. 2 
presents the differential cell fractions for 5 fAt T g 
BCHE, CHED or 2Hs in the form of a histogram. The 
differential count analysis demonstrated that each of 
the examined anti-sense oligodeoxynucleotides, whether 
T g or S 3 , retained its ability to modulate the mega- 
karyocytopoietic process. Thus, the non-specific toxi- 
city effect appeared to be non-selective, affecting all 
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cell lineages. This, in turn, further strengthened the 
assumption that part of the reduction effect on colony 
numbers was due to the non-specific inhibition because 
of the phosphorothioate nature of the anti-sense 
oligodeoxynucleotides . 

(2 ) Molecular parameters and toxicity of the examined 
oligodeoxynucleotides . 

To search for correlations between the primary nucleo- 
tide sequence of the examined oligodeoxynucleotides 
and their variable toxicity (potency of inhibiting bone 
marrow colony formation under megakaryocytopoietic 
conditions) effects, several molecular parameters were 
determined. These included their melting temperature 
(Tm) , nucleotide composition in percentage, their ten- 
dency to form dimers under physiological conditions and 
the optional loop structures which these oligodeoxy- 
nucleotides may form within themselves, in particular, 
inventors examined the possibility of the four 3 ' - 
terminal nucleotides (and hence the last 3 internucleo- 
tidic bonds) in these oligodeoxynucleotides to be 
involved in intramolecular structures . This analysis 
(Fig. 3) revealed , an apparent direct relationship 
between the ability of the three 3' -terminal inter- 
nucleotidic bonds to form intramolecular loops and the 
relative toxicity values of the corresponding AS-oligo- 
deoxynucleotides at 5-10 /iM concentrations. Thus, AS- 
oligodeoxynucleotides with no tendency for intramolecu- 
lar looping at their 3 1 terminus would tend to be less 
toxic yet similarly effective in cultured cells. It is 
important to note at this point that studies of others 
have shown extension in vivo of AS-oligodeoxynucleo- 
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tides [Agarwal r et al., (1991) Ibid.] This process, 
presumably useful as a scavenging mechanism to remove 
alien ^-oligonucleotides from the circulation depends 
on the existence of free 3' -termini in the attached 
oligonucleotides- Partial phosphorothioate protection 
at this important position may hence be sufficient to 
ensure stability of these AS -oligodeoxynucleotides and, 
in addition, can reduce their non-specific toxicity 
effects by assisting in natural scavenging of these 
copounds when not involved in DNA-mRNA hybrids. 

(3) Effects of examined oliqodieoxvnucleotides under meaa- 
karvocvtopietic and erythropoietic conditions. 
Assuming that the above detailed specific AS-oligo- 
deoxynucleotides effects are caused due to damage in 
cholinergic signalling, parallel oligodeoxynucleotides 
were prepared according to the 15 nucleotides spanning 
the region of the AUG codon in the AChE coding sequence 
[Soreq et al., (1990) ibid.]. Both sense. and antisense 
oligodeoxynucleotides were designed to include three 
3« -terminal blocked inter nucleotidic bonds (i.e. in 
their S 3 form) and their molecular properties were 
similarly analyzed. The absence of 3 1 -Involvement in 
intramolecular loops was ensured by computer analysis 
of the designed oligodeoxynucleotides and prompted 
further experiments, using these AChE oligodeoxynucleo- 
tides in cell cultures, in parallel with the BuChE ones 
described above. 

To deepen the cell culture approach r bone marrow cells 
were grown either with IL 3 alone, (i^e. megakaryocyte - 
poietic conditions, inducing only CFU-MEG colonies) or 
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with the addition of transferrin and erythropoietin as 
well (i.e. erythropoietic conditions, in which CFU-GEMM 
colonies may also develop, GEMM implying . granulocytes , 
erythrocytes, macrophages and megakaryocytes). 

This composite experiment revealed that in the CFU— MEG 
cultures, both AS-ACHE and AS-BCHE blocked megakaryo- 
cytopoiesis efficiently, however at various efficacies. 
AS-ACHE (but not S-ACHE) was effective already at 4 iiM 
concentration, blocking ca. 50% of colonies. In 
contrast, AS-BCHE blocked only 30% of colony formation 
at 4 /iM and higher concentrations. In both cases, the 
sense S 3 oligodeoxynucleotides were totally non-toxic, 
suggesting that the inhibition effects exerted by the 
AS -oligodeoxynucleotides were selective and specific. 

In CFU-GEMM cultures, opposing effects were observed 
for AS-ACHE, which induced a dramatic 3-fold increase 
in colony counts at the final concentration of 10 /iM. 
In contrast, As-BCHE was ineffective at this concen- 
tration. Inters tingly, CFU-GEMM colonies grown in the 
presence of AS-ACHE appeared smaller in size and com- 
posed of many more small cells than the parallel colo- 
nies grwon under control conditions. Total cell counts 
for these colonies further revealed 2-fold increase in 
cell numbers for AS-ACHE colonies as compared with 
controls. 

Figure 5 presents the titration effects of the ChE- 
related examined' oligodeoxynucleotides under both 
conditions . 
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(A) Determination of the specificity of the examined 
oliaodeoxvnucleotides by differential colony counts. 
The specificity of the oligodeoxynucleotide effects was 
further examined by comparable differential counts. The 
change in colony counts observed for AS -ACHE as com- 
pared with S-ACHE was thus shown to be accompanied by a 
selective decrease in megakaryocytes under CFTJ-MEG con- 
ditions and reduction in. both megakaryocytes and ery- 
throcytes under CFU-GEMM conditions , all at the very 
low 2 /iM final concentration. In parallel, AS-BCHE but 
not S-BCHE at 4 /iM concentration reduced megakaryocyto- 
poiesis under both sets of experimental conditions. 
Cultures grown in the absence of any oligodeoxynucleo- 
tide (none) served for controls. Figs. 6 (Al, A2) pre- 
sent these cell fractions in the form of histograms. It 
should also be noted that under erythropoietic condi- 
tions and at a concentration of 12 /iM, AS-ACHE further 
decreases the number of erythrocytes and megakaryo- 
cytes r as observed in the cell culture experiments. 

(5) Effect of AS -ACHE on bone marrow cells in vivo. 

To extend these studies into the in vivo situation f 
laboratory grown wild mice were injected intraperito- 
neally 48 hr. postnatal with 5 or 25 fig/gr of the T g 
oligodeoxynucleotides dissolved in PBS. 3 weeks after r 
bone marrow was examined* Table I presents the results 
of this experiment and Fig, 6 depicts a representative 
micrograph of the bone marrow smears. 

Apparently , erythrocyte fractions were reduced also in 
vivo . whereas lymphocytes (including stem cells) 
increased considerably. S-ACHE remained ineffective. 
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Megakaryocytes could not be counted because of the 
small in vivo counts , however photography revealed an 
in vivo reduction in their numbers as well. However, 
while the in vivo effects appeared to be relatively 
moderate as compared with those measured under culture 
conditions, these findings demonstrate that the AS -ACHE 
effects measured in vitro were indeed true effects, 
reflecting the effect of this oligodeoxynucleotide 
under in vivo conditions as well. 

It should be noted that the fraction defined as 
"lymphocytes" in the in vivo analyses of bone marrow 
smears includes proliferating stem cells. However, the 
in vivo approach does not allow for counting of divi- 
ding stem cells. In contrast, cell counts and differen- 
tial cell compositions in culture experiments clearly 
showed increased fractions of young, apparently divi- 
ding cells. Thus, the culture experiments and the in 
vivo ones are complementary to each other in providing 
important information on the duration of the treatment, 
its effectiveness ancf its specificity. In particular, 
the ability of the AS-oligodeoxynucleotides to enhance 

cell division is important. 

* 

f 6 ) Increased ChEmRNA levels through megakaryocytes 
maturation in untreated mice 

In situ hybridization was performed with bone marrow 
smears from Sabra mice using antisense ChEcRNA and 
sense ChEmRNA probes transcribed from the pGEM-7ZF(+) 
AChEcDNA plasmid and the Bluescript SK(+) BuChEcDNA 
plasmid (Fig. l). The smeared bone marrow cells inc- 
luded lymphoid and erythroid cells, as well as mega- 
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karyocytes in different developmental stages . Signifi- 
cant labeling with the antisense probe appeared only 
over megakaryocytes, suggesting intensive expression of 
the CHE genes in these cells. Labeling with the 
control, sense probes, was negligible throughout the 
smears, demonstrating the specificity of the hybridi- 
zation reactions. Immature megakaryocytes, with up to 4 
nuclei, appeared generally unlabeled. Distribution of 
silver grains reflecting ChEmRNA levels in mouse mega- 
karyocytes at three later differentiation stages was 
determined following Magiscan classification, into: 
(A) Promegakaryocyt.es of 14-20/nn cell diameter with 4-8 

nuclei and smaller cytoplasm than nucleus; 
(By~~>20Mm diameter intermediate cells, with 8-16 nuclei 

and cytoplasm equal in size to nucleus; 
(C) Mature >20jm cell diameter megakarcyocytes with 16- 

64 nuclei and abundant cytoplasm [Courtney , M. , et 

al., Blood, 77: 560-568 (1991)]. 

Figure 2 demonstrates high intensity AChEcRNA labeling 
as compared with lower density BuChEcRNA labeling and 
no labeling with sense AChEmRNA or BuChEmRNA in un- 
treated animals. It should be noted that RNase treat- 
ment prior to the in situ hybridization abolishes all 
labeling in this procedure (not shown), providing 
evidence for the RNA-dependence of these reactions. 

Megakaryocytes belonging to each of the above sub-types 
were further divided into sub-groups according to their 
radiolabel intensities (up to 20 grains, between 20 and 
40, -etc). The variability in AChEcRNA grain no. /cell 
was found to increase with megakaryocytes development 
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(Figure 3), in accordance with the longer life time of 
mature megakaryocites as compared with their progeni- 
tors (Mazur, 1987), 

(7) Altered CHEmRNA levels in mice injected with antisense 
oliaodeoxvnucleotides . 

To selectively interfere with the expression of the CHE 
genes, 4 different mice were injected once with 5^g/gr 
weight of 15-mer antisense phosphorothioate oligodeoxy- 
nucleotides complementary to the initiator AUG domains 
in AChEmRNA or BuChEmRNA, respectively, or with PBS for 
controls. Three weeks following the injection , bone 
marrow smears were prepared from all of these mice. 
Each smear was divided into separate parts which were 
hybridized with one of the two ChEcRNA probes. Follow- 
ing 6 weeks of exposure to emulsion autoradiography, 
slides were developed to create silver grains over 
cells containing ChEcRNAs. Labeling decreased in bone 
marrow smears prepared from AS -ACHE and, more effec- 
tively, in AS-BuCHE treated mice. Figure 4 displays 
representative photographs demonstrating the variable 
ChEmRNA labeling in the differently treated mice. 

Computerized image analysis and statistical processing 
of the silver grain counts (at least 40 cells/sample 
for 4 mice and two probes per treatment) , revealed 
different accumulation patterns for the two ChEmRNAs in 
the AS-CHE injected animals as compared with control, 
PBS-injected mice. 

In control mice, AChEmRNA levels per cell increased by 
20-fold from the promegakaryocyte stage to mature mega- 
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karyocytes, while the lower BuChEmRNA levels could only 
be detected in intermediate and mature megakaryocytes 
and remained unaltered in these two stages of mega- 
karyocytes development (Figure 5A) . 

Computerized image analysis and processing of the 
silver grain counts (at least 40 cells/sample for 4 
mice and two probes per treatment) , demonstrated 
differently suppressed developmental patterns for the 
two ChEmRNA in the AS -CHE injected animals as compared 
with control, PBS-injected mice. Three weeks following 
the treatment, AChEmRNA and BuChEmRNA levels were 
reduced by approximately 62 and 30%, respectively, in 
mature megakaryocytes from AS -ACHE- treated mice. In 
contrast, AS-BCHE treatment reduced both AChEmRNA and 
BuChEmRNA levels by about 66% (Fig. 4B) * Statistical 
analysis revealed for these values a bidirectoinal 
variance at a significance level of 5% [Hoel, P.G., 
Elementary Statistics, 4th Ed. r John Wiley & Sons, Inc. 
New York London (1976)]. Furthermore, the suppressed 
levels of mRNAs within megakaryocytes at different 
developmental stages appeared to significantly depen- 
dent on the nature of the AS-oligodeoxynucleotides 
treatment in different mice as shown by the averaged 
slopes of the curves in Fig. 4A. Thus, AChEmRNA was 
more significantly suppressed when AS -ACHE was injected 
than with AS-BCHE, and the effect of AS-BCHE upon 
BuChEmRNA elvels was more conspicuous after injection 
of AS-BCHE than with AS -ACHE. Altogether, these data 
demonstrate the in vivo effectiveness, the long term 
duration and the interrelationship between the effects 
of the two AS -CHE drugs. 
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(8) AS-CHEs modulate megakaryocytes development in vivo. 

The total no. of megakaryocytes in each of the bone 
marrow smears from the different mice was found to be 
somewhat higher in AS -ACHE treated mice (N=78 . 2±18 . 6 ) 
as compared with controls (N=66.5±4.9) . In contrast, 
the no. of megakaryocytes per smear in AS-BCHE treated 
mice was significantly lower, with very limited varia- 
^ bility between the different mice (N=57 .7+1 . l ) . 
Differential cell counts of bone marrow megakaryocyte 
populations were further performed using the Magiscan 
image analysis system (Figure 6). Intermedial cells 
represented approximately 85% of the total no. of mega- 
karyocytes in control mice, with mature cells accoun- 
ting' for about 10% and immature and promegakaryocytes 
composing the remaining minor fractions (Figure 6A) . 
Reduced numbers of intermedial cells and enlarged 
fractions of both immature and mature megakaryocytes 
were observed in AS -ACHE treated mice (Figure 6B)i, 
while AS-BCHE treated mice displayed apparently normal 
composition of megakaryocyte subtypes (Figure 12). 
Thus, the AS -ACHE treatment induced a general enhance- 
ment in megakaryocytopoiesis , accompanied by distortion 
of the megakaryocytopoietic process in vivo « In cont- 
rast, AS-BCHE suppressed megakaryocytopoiesis without 
affecting the differential cell counts, suggesting that 
it either blocks the early stages of megakaryocyto- 
poiesis or that it similarly suppresses all stages. 
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(9) Primary AS-Oliaodeoxvnucleotides Suppression of 
One ChEmRNA Selectively Leads to Secondary Inhibition 
of Its Counterpart ChEmRNA Type. 

Bone marrow cDNA from AS-ACHE-treated and control, PBS- 
injected mice was subjected to direct amplification 
using polymerase chain reaction (PCR) with mouse actin 
primers. This analysis, displayed in Fig. 13 r revealed 
apparently similar levels of the amplified actin cDNA 
fragments in treated and control mice, demonstrating 
that the AS-oligodeoxynucleotide treatment did not 
generally abolish transcription in the bone marrow. 
Differential cell counts in the analyzed bone marrow 
smears further revealed apparently normal composition 
of ca. 40% erythroid cells, 27% granulocytes, 17% 
lymphocytes and stem cells, 13-14% myeloid cells and 
2-3% eosinophils for several of the AS-ACHE-treated and 
control animals -. Peripheral automated blood profiles of 
these animals displayed ca. 75% lymphocytes , 18% 
neutrophils, 5% monocytes and 2% eosinophils, a normal 
composition characteristic of healthy animals, for both 
treated and control mice. Thus, the AS-oligodeoxy- 
nucleotide treatment was apparently harmless for hemo- 
poietic composition at the time of this analysis, 
suggesting that the indirect suppression of BuChEmRNA 
by AS— ACHE and the yet more efficient suppression of 
AChEmRNA by AS-BCHE reflects selectively induced 
secondary effects of each of these AS-oligodeoxynucleo- 
tide treatments. 
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( 10 ) Cytoplasmic accumulation of AS-oliaodeoxvnucleotides 
indicates post-transcriptional regulation as their 
primary role. 

Referring to Fig. 14, comparison of bright field and 
fluorescence photography revealed an apparent relation- 
ship between the abundance of cytoplasm and the bright- 
ness of the fluorescent signal . Thus , mature megakaryo- 
cytes accumulated relatively large amounts of the FITC- 
labeled AS-CHED (A), whereas young megakaryocytes dis- 
played significantly lower intensities of fluorescence 
(B) and polymorphonuclear cells yet lower signals. Both 
young and mature megakaryocytes and polymorphonuclear 
cells were capable of taking up the FITC-AS-CHED with 
apparently similar efficiencies, suggesting that the 
presumed receptor sites enabling this uptake process 
appear early in the development of both these cell 
types and are expressed throughout their life span. 
Most importantly, this analysis demonstrated nuclear 
exclusion of the accumulated FITC-AS-CHED (which was S 3 
in its phosphorothioate composition). Thus, most of the 
uptaken compuond accumulated in the cytoplasm of the 
treated cells, where it could hybridized with the 
mature CHED mRNA species but not with the CHED gene 
and/or jwith its nascent, non-processed nuclear mRNA 
transcript. Moreover, cytoplasmic FITC fluorescence 
could also be detected in megakaryocytes after 4 days 
in culture (D), indicating that the AS-oligodeoxy- 
nucleotides remain in this subcellular site for at 
least several days. The specificity of the fluorescence 
signals,- in turn, was proved by the absence of such 
signals in young and developed megakaryocytes, poly- 
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morphonuclear cells and macrophages in culture to which 
no FITC-oligodeoxynucleotides were added (E,F) . 

In addition to the cytoplasmic cignals, the FITC-labeld 
AS-oligodeoxynucleotide created fluorescent signals 
larger over the cell surface/ so that the cell diameter 
appeared larger under fluorescent than with bright 
field photography (compare A-D in Fig, 14). This could 
imply a continuous occupation of all available receptor 
sites over the surface of treated cells for the entire 
duration of the experiment. 
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CLAIMS ; 

1. synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides capable of "selectively 
modulating hemopoietic bone marrow cells development. 

2. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim l 
capable of inhibiting megakaryocytopoiesis. 

3. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of stimulating megakaryocytopoiesis . 

4. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of inhibiting erythropoiesis . 

5. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of stimulating erythropoiesis, 

6. Synthetic phosphorothioated 1 or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of diverting hemopoietic bone marrow cells 
development from megakaryocytes and erythrocytes to 
macrophages and mononuclear cells. 

7 . synthetic oligodeoxynucleotides according to any one of 
claims l to 6 being antisense oligodeoxynucleotides 
directed against a region spanning the AUG initiation 
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codon in human ACHE (acetylcholinesterase) or 2HS (cdc2 
kinase ) genes , having phosphorothioate - bonds linking 
between the nucleotide bases. . 

8. Synthetic oligodeoxynucleotides according to any one of 
claims 1 to 6 being antisense oligodeoxynucleotides 
directed against a region spanning the AUG initiation 
codon in human ACHE (acetylcholinetransf erase) gene, 2HS 
(cdc2 kinase) gene or BCHE (butyrylcholinesterase) gene 
or against a 5 1 -region in the human CHED ( cdc2 homolg ) 
gene, having phosphorothioate bonds linking between the 
four 3 1 - terminus nucleotide bases. 

9. " Synthetic phosphorothioated antisense oligodeoxynucleo- 

tide according to claim 7 directed against a region 
spanning the initiator AUG codon in the human 2HS gene 
having the "formula: 

5 1 -GGTATAATCTTCCAT-3 • . 

10. Synthetic phosphorothioated antisense oligodeoxynucleo- 
tide according to claim 7 directed against a region 
spanning the initiator AUG codon in the human ACHE gene 
having the formula: 

5 1 -CTGCGGGGGCCTCAT-3 1 . 

11. Synthetic partially phosphorothioated antisense oligo- 
deoxynucleotide according to claim 8 directed against a 
region spanning the initiator AUG codon in the human 2HS 
gene having the formula: 

5 1 -GGTATAATCTTCCAT-3 1 
having phosphorothioate bonds linking between the four 
3' -terminus nucleotide bases. 



- 56 - 



WO 93/21202 



PCT/EP93/00911 



12. Synthetic partially phosphorothioated antisense oligo- 
deoxynucleotide according to claim 8 directed against a 
region spanning the initiator AUG codon in the human 
ACHE gene having the formula: 

5 1 -CTGCGGGGGCCTCAT-3 1 
having phosphorothioate bonds linking between the four 
3' -terminus nucleotide bases, 

13. Synthetic partially phosphorothioated antisense oligo- 
deoxynucleotide according to claim 8 directed against a 
region spanning the initiator AUG codon in the human 
BCHE gene having the formula: 

5 ' -GACTTTGCTATGCAT-3 1 

having phosphorothioate bonds linking between the four 

3 '-terminus nucleotide bases, 

14. Synthetic partially phosphorothioated antisense oligo- 
deoxynucleotide according to claim 8 directed against a 
5 1 -region in the human CHED gene having the formula : 

5 ■ -TTTTCCCCAGTCAAT- 3 1 
having phosphorothioate bonds linking between the four 
3' -terminus nucleotide bases. 

15. Synthetic phosphorothioated or partially phosphorothio- 
ated antisense oligodeoxynucleotide according to claim 
9 or claim 11, respectively, capable of inhibiting 
abnormal hemopoietic cells proliferation. 

16. Synthetic partially phosphorothioated antisense oligo- 
deoxynucleotide according to claim 14 capable of 
inhibiting abnormal platelet proliferation. 
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17. Synthetic phosphorothioated oligodeoxynucleotide 
according to claim 10 or partially phosphorothioated 
oligodeoxynucleotide according- to claim 12 or . claim 13 
capable of in vitro increasing stem cell fraction in 
bone marrow cells samples. 

18. Synthetic phosphorothioated oligodeoxynucleotide 
according to claim 10 or partially phosphorothioated 
oligodeoxynucleotide according to claim 12 or claim 13 
capable of in vitro reducing the immune response of 
organs to be allotransplanted. 

19. Synthetic phosphorothioated oligodeoxynucleotide 
according to claim 10 or partially phosphorothioated 
oligodeoxynucleotide according to claim 12 or claim 13 
capable, of in vivo suppressing the immune response of 
an organ to be allotransplanted. 

20. Synthetic phosphorothioated oligodeoxynucleotide 
according to claim 10 or partially phosphorothioated 
oligodeoxynucleotide according to claim 12 or claim 13 
capable of in vivo suppressing the immune response of a 
recipient of an allotransplanted organ. 

21. Synthetic phosphorothioated oligodeoxynucleotide 
according to claim 10 or partially phosphorothioated 
oligodeoxynucleotide according to claim 12 or claim 13 
capable of in vivo enhancing macrophage production and 
increasing stem cell counts. 

22. Synthetic phosphorothioated or partially* phosphorothio- 
ated oligodeoxynucleotides according to claim 1 capable 
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of arresting growth of malignent tumors , particularly 
chondrosarcomas . 

23. Pharmaceutical or medical composition comprising as 
active ingredient at least one synthetic phosphorothio- 
ated or partially phosphorothioated antisense oligo- 
deoxynucleotides according to claim 1 in a physiologi- 
cally acceptable carrier or diluent. 

24. A composition according to claim 23 wherein the said 
active ingredient is a phosphorothioated antisense 
oligodeoxynucleotide according to claim 7 . 

25. - A composition according to claim 24 wherein said active 

ingredient is a synthetic phosphorothioated antisense 
oligodeoxynucleotide according to claim 7 directed 
against a region spanning the initiator AUG codon in the 
human 2HS gene having the formula: 

5 1 -GGTATAATCTTCCAT-3 1 • 

26. A composition according to claim 24 wherein said active 
ingredient is a synthetic phosphorothioated antisense 
oligodeoxynucleotide according to claim 7 directed 
against a region spanning the initiator AUG codon in the 
human ACHE gene having the formula: 

5 1 -CTGCGGGGGCCTCAT-3 • . 

27. A composition according to claim 24 wherein the said 
active ingredient is a partially phosphorothioated anti- 
sense oligodeoxynucleotide according to claim 8. 
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28. A composition according to claim 27 wherein said active 
ingredient is a, synthetic partially phosphorothioated 
antisense oligodeoxynucleotide. according to claim 8 
directed against a region spanning the initiator AUG 
codon in the human 2HS gene having the formula- 

5 1 -GGTATAATCTTCCAT-3 1 
having phosphorothioate bonds linking between the four 
3 1 -terminus nucleotide bases - 

29. A composition according to claim 27 wherein said active 
ingredient is a synthetic partially phosphorothioated 
antisense oligodeoxynucleotide according to claim 8 
directed against a region spanning the initiator AUG 
codon in the human ACHE gene having the formula: 

5 1 -CTGCGGGGGCCTCAT-3 1 
having phosphorothioate bonds linking between the four 
3 1 -terminus, nucleotide bases . 

30. A composition according to claim 27 wherein said active 
ingredient is a synthetic partially phosphorothioated 
antisense oligodeoxynucleotide according to claim 8 
directed against a region spanning the initiator AUG 
codon in the human BCHE gene having the formula: 

5 i -GACTTTGCTATGCAT-3 1 
having phosphorothioate bonds linking between the four 
3' -terminus nucleotide bases. 

31. A composition according' to claim 27 wherein said active 
ingredient is a synthetic partially phosphorothioated 
antisense oligodeoxynucleotide according to claim 8 
directed against a 5 1 -region in the human CHED gene 
having the formula: 
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5 i -TTTTCCCCAGTCAAT-3 1 
having phosphorothioate bonds linking between the four 
3 1 -terminus, nucleotide bases • 

32. A composition according to claim 23 for inhibiting 
abnormal hemopoietic cells proliferation wherein said 
active ingredient is a synthetic phosphorothioated or 

~- partially phosphorothioated antisense oligodeoxynucleo- 
tide according to claim 9 or claim 11, respectively, or 
a mixture of at least two of said oligodeoxynucleotides. 

33. A composition according to claim 32 for inhibiting 
abnormal platelet proliferation. 

34. A composition according to claim 23 for in vitro 
increasing stem cell fraction in bone marrow cells 
samples wherein said active ingredient is a phosphoro- 
thioated oligodeoxynucleotide according to claim 10 or 
partially phosphorothioated oligodeoxynucleotide 
according to claim 12 or claim 13, or a mixture of at 
least two of said oligodeoxynucleotides. 

35. A composition according to claim 23 for in vitro 
reducing the immune response of organs to be trans- 
planted wherein said active ingredient is a synthetic 
phosphorothioated oligodeoxynucleotide according to 
claim 10 or partially phosphorothioated oligodeoxy- 
nucleotide according to claim 12 or claim 13, or a 
mixture of at least two of said oligodeoxynucleotides. 

36* A composition according to claim 23 for suppressing the 
immune response of an organ to be transplanted wherein 
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said active ingredient is a synthetic phosphorothioated 
oligodeoxynucleotide according to claim 10 or partially 
phosphorothioated oligodeoxynucleotide according to 
claim 12 or claim 13 , or a mixture of at least two of 
said oligodeoxynucleotides. 

37. A composition according to claim 23 for suppressing the 
immune response of a recepient of an allotransplanted 
organ wherein - said active ingredient is a synthetic 
phosphorothioated oligodeoxynucleotide according to 
claim 10 or partially phosphorothioated oligodeoxy- 
nucleotide according to claim 12 or claim 13, or a 
mixture of at least two of said oligodeoxynucleotides . 

38. A composition according to claim 23 for enhancing macro- 
phage production and increasing stem cell counts wherein 
said active ingredient is a synthetic phosphorothioated 
oligodeoxynucleotide according to claim 10 or partially 
phosphorothioated oligodeoxynucleotide according to 
claim 12 or claim 13, or a mixture of at least two of 
said oligodeoxynucleotides. 

39. A composition according to claim 23 for arresting growth 
of malignant tumors wherein said active ingredient is a 
synthetic phosphorothioated or partially phosphorothio- 
ated oligodeoxynucleotide according to claim 1 or 9, or 
a mixture of at least two oligodeoxynucleotides 
according to claim 1 or 9.* 

40. A composition according to claim 39 wherein said 
malignant tumor is a chondrosarcoma. 
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41. A method of modulating hemopoietic bone marrow stem 
cells development in patients in need of such treatment 
comprising administering to .a patient in need of such 
treatment a therapeutically effective amount of an 
oligodeoxynucleotide according to claim 1, or a mixture 
comprising at least two such oligodeoxynucleotides or of 
a composition according to claim 23. 

42. A method according to claim 41 for inhibiting abnormal 
hemopoietic cells proliferation. 

43. A method according to claim 41 for enhancing macrophage 
production and increasing stem cell counts. 

44. A method of in vitro modulating cell division properties 
in organs or tissues to be transplanted , in order to 
decrease immune response and resulting tissue rejection 
following the transplantation procedure, by contacting 
the organ with an effective amount of an oligodeoxy- 
nucleotide according to claim 1, or a mixture of such 
nucleotides or of compositions according to claim 23 
under conditions suitable culture conditions appropriate 
for allotransplatations procedures. 

45. A method of in vitro increasing stem cell fraction in 
bone marrow cells samples to be transplanted by 
contacting a sample of extracted bone marrow with an 
effective amount of an oligodeoxynucleotide according to 
claim I, or a mixture of such nucleotides or of 
compositions according to claim 23 under conditions 
suitable culture conditions. 



- 63 - 



RNSnrr.m- <wn pws>i»y?ai i -» 



WO 93/21202 



PCT/EP93/00911 



46 . A method of treating embryonic or fetal bone marrow 
cells prior to their storage in cell banks in viable 
forms devoid of tissue compatibility antigens,, by 
contacting a sample with an effective amount of an 
oligodeoxynucleotide according to claim 1, or a mixture 
of such oligodeoxynucleotides, or with a composition 
according to claim 23 under suitable culture 
conditions . 

47. A method of treating an organ donor and/or recepient, to 
decrease the immune response in procedures of allotrans- 
plantation f by administering to said donor/recepient an 
effective amount of an oligodeoxynucleotide according to 
claim l, or a mixture comprising at least two such 
oligodeoxynucleotides or of a composition according to 
claim 23. 

48. A -method of treating a patient with malignant tumor , 
selectively arresting cell division in the tumor tissue, 
but not in the benign cells surrounding the tumor by 
administering to the patient in need of such treatment a 
therapeutically effective amount of an oligodeoxynucleo- 
tide according to claim 1, or a mixture comprising at 
least two such oligodeoxynucleotides or of a composition 
according to claim 23 . 

49. A method according to claim 48 for the treatment of 
chondrosarcomas. 
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AMENDED CLAIMS 

[received by the International Bureau on 06 September 1993 (06.09.93); 
original claims 1,7,9 and 11 amended; 
other claims unchanged (2 pages )] 

1 • Synthetic phosphorothioated or partially phosphoro- 

thioated oligodeoxynucleotides capable of selectively 

modulatina hemopoietic bone marrow cells development, wherein 
fully phosphorothioated oligodeoxynucleotides are directed against the 
human ACHE (acetylcholinesterase) gene. 

2. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of inhibiting megakaryocytopoiesis . 

3. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim l 
capable of stimulating megakaryocytopoiesis. 

4. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim 1 
capable of inhibiting erythropoiesis. 

5. Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim l 
capable of stimulating erythropoiesis. ^ 

Synthetic phosphorothioated or partially phosphoro- 
thioated oligodeoxynucleotides according to claim l 
capable of diverting hemopoietic bone marrow cells 
development from megakaryocytes and erythrocytes to 
macrophages and mononuclear cells. 

Synthetic oligodeoxynucleotides according to any one of 
claims l to 6 being antisense oligodeoxynucleotides 
directed against a region spanning the AUG initiation 
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codon in the human ACHE (acetylcholinesterase! -gene, 

having . phosphorothioate bonds linking 
between the nucleotide bases. 

8. Synthetic oligodeoxynucleotides according to any one of 
claims 1 to 6 being antisense . oligodeoxynucleotides 
directed against a region spanning the AUG initiation 
codon in human ACHE (acetylcholinetransf erase) gene, 2HS 
(cdc2 kinase) gene or BCHE (butyrylcholinesterase) gene 
or against a 5 '-region in the human CHED (cdc2 homolg) 
gene, having phosphorothioate bonds linking between the 
four 3 •-terminus nucleotide bases. 

9 . Synthetic partially phosphorothioated antisense oligodeqxynucleo- 
tide according to claim 8 directed against a region 
spanning the initiator AUG codon in the human 2HS gene 
having the* formula: 

5 ! -GGTATAATCTTCCAT-3 ' . 

10. Synthetic phosphorothioated antisense oligodeoxynucleo- 
tide according to^ claim 7 directed against a region 
spanning the initiator AUG codon in the human AGEE gene 
having the formula: _ 

5 1 -CTGCGGGGGCCTCAT-3 1 . * 

11 . Synthetic partially phosphorothioated antisense oligo- 
deoxynucieotide according to claim 9 directed against a 
region spanning the initiator AUG codon in the human 2KS 
gene having the formula: 

5 1 -GGTATAATCTTCCAT-3 1 . 
having phosphorothioate bonds linking between the four 
3 T --terminus nucleotide bases. 
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Fig. 12 

Cell count alterations in megakaryocyte population 
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